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EFFECTIVENESSOF NESTTREATMENTSONTICK
INFESTATIONS IN THE EASTERNBROWNPELICAN

NANCYL. NORCROSS*2.3 ANDERIC G. BOLEN'

ABSTRACT.—This study examined the effectiveness of treating ticks (Ornithodoros capensis) infesting nests

of Eastern Brown Pelicans (Pelecanus occidentalis carolinensis). The number of immature ticks on nestling

pelicans was significantly less in treated than in control nests. Nest abandonment also was less in treated nests;

however, in severely infested nests, treatments did not prevent abandonment. Nesting success and hematocrit

measurements did not differ significantly between control and treated groups. Received 13 November 2000,

accepted 22 March 2002.

Colony abandonment associated with ex-

cessive tick infestations is one factor that con-

tinues to negatively impact the reproductive

success of Brown Pelicans {Pelecanus occi-

dentalis', Terrence et al. 1985; Duffy 1983;

King et al. 1977a, 1977b). Large colonies of

nesting seabirds provide ticks and other par-

asites with a readily available supply of hosts

for food, shelter, and reproduction (Duffy

1988). Ticks survive year round in nest cores

and reused nesting material, which subse-

quently provide ticks access to a dependable

food source in following years (Humphrey-
Smith and Moorhouse 1981). This relation-

ship may provide both immediate and long

term negative impacts on the host population

of nesting birds. Ectoparasites can cause

brood mortality (Feare 1976, Chapman and

George 1991), nest abandonment (Duffy

1983; King et al. 1977a, 1997b), and reduced

fitness, as evidenced by slowed development

and reduced hematocrit levels in colonies of

Cliff Swallows (Petrochelidon pyrrhonota'.

Chapman and George 1991). Boulinier and

Danchin (1996) suggested that the effects of

tick infestation on the reproductive success of

Black-legged Kittiwakes (Rissa tridactyla)

may affect recruitment and breeding site fi-

delity, and consequently impact trends in host

populations.

Nest abandonment is perhaps one of the

most damaging effects of ticks. During 1975,

Brown Pelicans nesting at Aransas National
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Wildlife Refuge in Texas abandoned nests be-

fore hatching. Subsequent inspections re-

vealed large populations of ticks in the nests

and surrounding area; these were Ornithodo-

ros capensis, reported only once previously in

the continental United States (King et al.

1977a). Brown Pelicans in California infested

with the tick O. denmarki experienced years

of low productivity associated with abandon-

ment of eggs and young (King et al. 1977b).

In the southeastern United States, tick in-

festations have been linked to nest desertions

of Eastern Brown Pelicans {Pelecanus occi-

dentalis carolinensis) in North and South Car-

olina. More than 90% of the nests were aban-

doned in a heavily infested colony at Bird Key
Stono, South Carolina, during 1987 (Wilkin-

son et al. 1994). Desertion also occurred at

Marsh Island in Berkeley County, South Car-

olina, again associated with tick infestations

(Keirans et al. 1992). Wilkinson et al. (1994)

first noted tick-associated desertion of 80

nests on an island in the Cape Fear River of

North Carolina during 1991. Ornithodoros ca-

pensis was collected from colonies of Brown
Pelicans on North Pelican Island and Ferry

Slip Island in the Cape Fear River in 1991

(Keirans et al. 1992).

The objectives of this study were (1) to

compare tick populations in Brown Pelican

nests treated with pesticide to those in nests

left untreated on South Pelican and Ferry Slip

islands, (2) to determine if tick populations

adversely impact nesting success, and (3) to

determine if tick infestations reduce hemato-

crit levels in nestling Brown Pelicans.

STUDYAREAANDMETHODS
South Pelican Island (33° 56' N, 77° 53' W) and

Ferry Slip Island (33° 58' N, 77° 56' W) in the Cape
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Fear River of North Carolina served as study sites for

this project. We selected nests at the beginning of the

nesting season after egg laying began. During the 1998

season, nesting began in April. In 1999 pelicans began

successfully nesting during May.

During 1998 we selected nests on each island by

walking line transects across the island and alternately

assigning nests as treated and control until we had a

sample of 30 nests. Fifteen nests were treated with 1 %
diluted Rabon 50WP^, a poultry spray that previously

has been used to treat Brown Pelican nests in South

Carolina (P. Wilkinson pers. comm.) and 15 nests were

sprayed with tap water (control nests). Weused garden

spray containers to spray all nests, with spray directed

underneath and around the eggs. Weapplied treatments

twice during the incubation period during the 1998

nesting season and applied a third treatment on Ferry

Slip Island approximately 1 week after chicks hatched,

in an effort to obtain better tick control.

During the 1999 nesting season, we selected 60

nests on each island: 20 treated, 20 control, and 20

undisturbed (no application). Treated nests were

sprayed with 0.5% Permectrin® for the first two treat-

ments, increased to 1% dilution for the third treatment

to improve treatment effects. We applied three treat-

ments on each island during the 1999 nesting season,

two during incubation and one approximately 1 week

after hatching. Control applications followed similar

schedules during each season.

We monitored the number of eggs and chicks <2
weeks of age; chicks wander from the nest at 3-4

weeks of age. We visited each nest about once per

week during 1998 and 2-3 times per week during 1999

to monitor nesting success. Weconsidered those nests

missing all eggs or with cold eggs and neither parent

present to be abandoned. We calculated hatching suc-

cess as the number of eggs hatched/eggs laid. Wealso

calculated the number of young that survived to 2

weeks of age/number of young hatched. Wecalculated

hatching success and percent surviving 2 weeks inde-

pendently for each nest.

We examined each nestling in treated and control

nests every 7-10 days following hatching for the pres-

ence of ticks; we did not examine nestlings on each

visit to the colony in order to minimize disturbance.

Counts of ticks and tick bites were restricted to the

neck and beneath the wings of nestlings. We recorded

tick infestations and nestling mortality for each nest

until nestlings left the nesting area at approximately 3

weeks of age. We did not count ticks on nestlings in

undisturbed nests.

We sampled blood from all nestlings in a subset of

control and treated nests. Using a microhematocrit

tube, we collected a drop of blood from the brachial

vein. During 1998 we sampled nestlings approximately

1 week old from 10 control and 9 treated nests on

South Pelican Island and from 10 control and 10 treat-

ed nests on Ferry Slip Island. During 1999 we sampled

approximately 2-week-old nestlings from 8 control and

8 treated nests on each island.

During 1998 we collected nest material from all

control, treated, and undisturbed nests on each island

2-4 weeks after chick departure. During 1999 we col-

lected nest materials from abandoned nests immediate-

ly after noting abandonment and from all remaining

nests 1-2 weeks after chick departure.

We placed nest materials in Berlese funnels (e.g.,

Bookhout 1994) positioned directly over 5-mm diam-

eter jars containing 70% ethanol. Samples initially

were heated from 48-72 h. Samples heated 48 h

showed no difference in numbers of ticks collected

relative to those heated 72 h, so all subsequent samples

were heated 48 h. We then weighed the nest material

to determine the number of ticks/kg dry weight. For

those samples not run immediately, we placed a paper

towel saturated in distilled water inside the plastic bag

and stored the material in an incubator at 15° C until

the samples were analyzed. Wecounted all ticks from

each sample of nest material. Adult and nymph stages

were not differentiated as both feed on pelicans and

are distinguished only by the presence of a genital pore

(Sonenshine 1991).

Wecompared control and treated nests separately by

island and year. The number of ticks on nestlings was

compared using the greatest mean number of ticks ob-

served on all nestlings in a given nest over all dates

(hereafter “tick intensity”). We compared hematocrit

measurements for nestlings from control and treated

nests using the mean for all chicks in the same nest.

We tested the data for normality and data that did not

meet normality criteria were analyzed using nonpara-

metric statistics.

RESULTS

We never observed adult ticks on pelican

nestlings. More immature ticks occurred on

pelican nestlings in control nests than in treat-

ed nests. During 1998, tick intensity on nest-

lings ranged from 0-61. On South Pelican Is-

land, mean tick intensity was 10.4 ± 3.7 SE
ticks in control nests (n = 10) and 2.3 ± 1.2

SE ticks in treated nests (n = 12), a significant

difference (Wilcoxon rank sums Z = 2.13, P
= 0.03). On Eerry Slip Island, tick intensity

was 12.6 ± 5.0 SE ticks in control nests (n =

12) and 1.7 ± 0.7 SE ticks in treated nests (?i

= 14; Z = 2.73, P = 0.006).

Whereas low levels of tick infestation oc-

curred throughout 1998, tick numbers during

1999 were extremely low until mid-July,

when the chicks reached approximately 2.5

weeks of age. At this time tick abundance in-

creased markedly. Tick intensity during 1999

ranged from 0-100. On South Pelican Island,

tick intensity was 20.1 ± 6.5 SE ticks in con-

trol nests (n = 11) and 4.2 ± 3.3 SE ticks in

treated nests (n = 15; Z = 2.95, P = 0.003).

On Eerry Slip Island, tick intensity was 12.8
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± 5.3 SE ticks in control nests (/? = 19) and

0.4 ± 0.2 SE ticks in treated nests (n = 19;

Z = 4.08, P < 0.0001).

During 1998, no nest abandonment oc-

curred in treated nests on either island where-

as nest abandonment occurred in 40% of con-

trol nests on South Pelican Island (Pearson

= 7.5, df = I, P = 0.01) and 27% of control

nests on Ferry Slip Island (x^ = 4.6, df = 1,

P = 0.03). During 1999 on South Pelican Is-

land, two treated, three control, and three un-

disturbed nests were abandoned 2 weeks into

the incubation period. Subsequent sampling

revealed extremely high tick levels in these

nests. There was no significant difference in

abandonment among groups on South Pelican

Island (x^ — 3.7 df = 2, P — 0.15) or Ferry

Slip Island (x^ = 1.03, df - 2, P - 0.60).

During 1998, South Pelican Island control

nests had a mean of 101.9 ± 62.0 SE ticks/

kg nesting material and treated nests had a

mean of 36.6 ± 12.8 SE ticks/kg (Wilcoxon

rank sums Z = 0.0, P = 1.0). On Ferry Slip

Island, control nests had a mean of 52.0 ±
28.5 SE ticks/kg and treated nests had 50.6 ±
15.7 SE ticks/kg (Z = 0.77, P = 0.44). During

1999, there was no significant difference in

ticks/kg among undisturbed (mean = 81.4 ±
46.7 SE), control (mean = 70.7 ± 40.4 SE),

and treated nests (mean = 44.1 ± 30.3 SE)

on South Pelican Island (Kruskal-Wallis x^
^

2.71, df = 2, P = 0.26) or Ferry Slip Island

(undisturbed: mean = 3.2 ± 0.9 SE; control:

mean = 1.9 ± 0.5 SE; treated: mean = 2.4 ±
0.7 SE; x" = 0.57, df = 2, P = 0.75). The
series of abandoned nests on South Pelican

Island ranged from 58-869 ticks/kg; conse-

quently, these nests may have been infested

with a total of 270-3910 ticks.

There were no significant differences in

nestling hematocrit readings between control

and treated groups during 1998 (mean hemat-

ocrit for South Pelican Island: 38.0% ± 1.3

SE for control nests and 39.3% ± 2.0 SE for

treated nests, ANOVAF = 0.301, df = 18, P
= 0.59; for Ferry Slip Island: 30.7% ± 1.6

SE for control nests and 31.1% ± 2.1 SE for

treated nests, F = 0.031, df = 19, P = 0.86).

There was a significant difference in hemat-

ocrit readings between islands (two-way AN-
OVA; Island: F = 8.83, df = 1, P = 0.005;

Control/Treated: F = 0.26, df = 1, P = 0.61;

there were no significant interactions: F —

0.05, df = \, P = 0.82). During 1999, nest-

lings in control nests on South Pelican Island

had a mean hematocrit of 38.3% ± 1.8 SE
while those in treated nests had a mean of

38.6% ± 2.0 SE (ANOVA F = 0.016, df =

15, P = 0.90) and nestlings in control nests

on Ferry Slip Island had a mean of 38.9% ±
1.4 SE while those in treated nests had a mean
of 39.8% ± 2.4 SE (Wilcoxon rank sums Z =

0.26, P = 0.79).

Hatching success was similar for all groups

on both islands during both years. During 1998,

mean hatching success on South Pelican Island

was 85.7% ± 6.7 SE for control nests {n — 1)

and 88.9% ± 5.6 SE for treated nests {n — 9;

Z = 0.31, P = 0.75) while mean hatching suc-

cess on Ferry Slip Island was 86.7% ± 5.4 SE
for control nests {n = 10) and 84.5% ± 6.2 SE
for treated nests (n = 14; Z = 0.03, P = 0.97).

During 1999, mean hatching success on South

Pelican Island was 86.5% ± 4.6 SE for undis-

turbed nests {n — 16), 80.6% ± 6.4 SE for con-

trol nests {n = 12), and 79.2% ± 7.2 SE for

treated nests (/z = 16; Kruskal Wallis X“
~

0.538, P = 0.76) while mean hatching success

was 84.2% ± 6.3 SE for undisturbed nests (zz

= 20), 88.6% ± 4.0 SE for control nests (zz =

19), and 87.7% ± 5.1 SE for treated nests (zz =

19; x" = 0.066, P = 0.97).

There was no significant correlation between

2-week nest success and tick intensity during

1998 (Spearman = -0.17, P = 0.30) or

1999 (rs
= -0.07, P = 0.61). Also during

1998, 2-week nest success did not differ sig-

nificantly between control nests (90.5% ± 6.1

SE, zz = 7) and treated nests (100%, zz = 9) on

South Pelican Island (Wilcoxon rank sums Z
= 1.57, P = 0.12) or on Ferry Slip Island (con-

trol nests: 80.0% ± 6.9 SE, zz = 10; treated

nests: 81.0% ± 8.4 SE, zz = 14; Z = 0.50, P
= 0.62). There was a significant difference in

total 2-week success between islands (Z =

2.04, P = 0.04). During 1999, mean 2-week

success was 90.0% ± 4.5 SE for undisturbed

nests {n = 15), 94.4% ± 3.7 SE for control

nests (zz = 12), and 93.3% ± 3.6 SE for treated

nests (zz = 15) on South Pelican Island (Krus-

kal Wallis x" = 0.53, df = 2, P = 0.77) while

mean 2-week success was 90.2% ± 3.8 SE for

undisturbed nests (zz = 17), 91.2% ± 4.3 SE
for control nests (zz = 19), and 90.4% ± 4.7

SE for treated nests (zz = 19) on Ferry Slip

Island (x^ = 0.236, P = 0.89).
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DISCUSSION

During both 1998 and 1999, treatments ef-

fectively reduced the number of immature

ticks infesting pelican nestlings, which sug-

gests that nest treatments can control tick pop-

ulations. Greater tick intensities were ob-

served later in the season each year, but this

was most obvious during 1999. While no vis-

ible ailments were apparent in chicks carrying

large tick loads, the additional burden of ticks

may further limit chick survival during years

when other stresses affect reproduction. In ad-

dition, Ornithodoros capensis carries five dif-

ferent viruses (Yunker et al. 1979), although

the effects of these on their hosts are largely

unknown (Feare and Gill 1997).

In a similar study of Argas [Persicargas]

robertsi infestation on Cattle Egrets (Bubulcus

ibis), McKilligan (1996) observed a nesting

season in which all chicks with tick loads ex-

ceeding 24 ticks/nestling subsequently died.

Cattle egrets in infested nests experienced sig-

nificantly greater mortality than those in treat-

ed nests (which were completely free of ticks)

during the first season whereas no difference

occurred during the second season. Tick loads

were extremely variable within and between

years, with much lower levels of infestation

occurring during the second season. A similar

pattern occurred in the present study, with

some chicks having in excess of 100 ticks and

many chicks having no ticks.

Our finding of no significant difference in

hatching success or 2-week success among
undisturbed, control, and treated nests sug-

gests that the levels of nest infestation on the

islands were not great enough to severely im-

pact the nestlings. In contrast. Chapman and

George (1991) recorded higher fledgling suc-

cess from treated Cliff Swallow nests than

from untreated nests. The swallow bug (Oec-

iacus vicarius) was the most abundant of four

ectoparasites (three species of which were

ticks) affecting these colonies. Richner et al.

(1993) detected no differences in hatching

success between nests with and without the

hen flea {Ceratophyllus gallinae) in Great Tits

(Parus major), although fledgling success was

higher in nests free of these parasites.

Although we found no significant differ-

ence in the number of ticks collected from

nests in undisturbed, control and treated nests.

it is possible that ticks residing deep in the

core of the nest were beyond reach of the pes-

ticide. While examining infestations of Orni-

thodorus amblus in Guanay Cormorant {Phal-

acrocorax bougainvillii) nests in Peru, Duffy

(1983) observed more ticks in the nest base

than the nest cup. In addition, Duffy and Da-

turi (1987) observed strong diel patterns in the

activity of O. capensis, in which the ticks

were much more active during night than day.

If adult ticks were deep within pelican nests

when the treatments were applied, it is pos-

sible the treatment did not effectively reach

those deep within the nest core. The treat-

ments appeared to be much more effective on

immature ticks, as would be expected because

they reside closer to the nest surface.

Nest abandonment can play a large role in

a colony’s total reproductive success. Duffy

(1983, 1988) described an abandonment
“wave” that moved throughout a colony of

Peruvian seabirds, which subsequently left

eggs available to hungry gulls. For those nests

containing chicks, subsequent mortality fol-

lowed from exposure, starvation, or parasites.

Similarly, King et al. (1977b) described nest

abandonment as a gradual process moving

through colonies of California Brown Pelicans

and noted that abandonment was largely re-

sponsible for low reproduction in the Gulf of

California during previous years. In our study,

the severity of tick infestation in the aban-

doned nests and the progressive abandonment

suggest that the abandonment was, at least in

part, tick related.

In contrast to our study, ectoparasites sig-

nificantly affected hematocrit levels in Cliff

Swallows (Chapman and George 1991), Cattle

Egrets (McKilligan 1996), and Great Tits (Ri-

chner et al. 1993). Wanless et al. (1997) ob-

served that in Black-legged Kittiwakes, lower

hematocrit values were related to higher tick

levels, but in CommonMurres {Uria aalge)

they were not. Whereas tick loads in the pre-

sent study did not appear to have adverse

physiological effects, this nonetheless may oc-

cur in more severe infestations. W. Colder and

J. Brunjes (pers. comm.) observed that infes-

tations during past seasons in this study area

have been much more severe as evidenced by

red, irritated skin rashes on chicks. In such a

situation, ticks may reduce chick fitness and
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predispose chicks to adversities from other en-

vironmental stresses.

Wolf et al. (1985) recorded a mean hemat-

ocrit of 44.4% ± 1.1 in eight hatch-year cap-

tive Brown Pelicans. While this is higher than

values measured in the present study, our he-

matocrits values were still above levels indi-

cating anemia (>35%; Campbell and Morton

1984), with the exception of Ferry Slip Island

during 1998. On Ferry Slip Island during

1998, hematocrit values were signihcantly

lower in both control and treated nests. There

are several possible explanations for this.

First, higher temperatures can result in lower

hematocrit readings (Kubena et al. 1972,

Moye et al. 1969); the pelicans on Ferry Slip

Island began nesting later, during warmer tem-

peratures. Second, J. Brunjes (pers. comm.)
noted that while food supplies appeared abun-

dant at the beginning of the 1998 season, they

appeared to decrease as the season progressed.

Nesting on Ferry Slip Island during 1998 be-

gan approximately 4 weeks after South Peli-

can Island. It is possible that the lower he-

matocrit readings reflected the stresses from

low food supplies. This also may explain the

lower 2-week nesting success in both control

and treated nests on Ferry Slip Island during

1998, as food supplies can significantly im-

pact reproduction in Brown Pelicans (Ander-

son et al. 1982).

ACKNOWLEDGMENTS
Wethank T Ballard for equipment and J. Parnell for

sharing his knowledge of pelicans. J. Brunjes, J. Gla-

zener, E. Wambach, B. Wilson, R. Beckman, and L.

Ziemba provided field help and support for this pro-

ject. Southport Marina provided boat storage during

the second season of this project. We also thank W.

Colder of the National Audubon Society for his advice

and transportation assistance, and for providing us the

opportunity to work on the pelican islands. The Center

for Marine Science Research provided funding and

boat transportation for this project.

LITERATURECITED

Anderson, D. W., E Cress, and K. F. Mais. 1982.

Brown Pelicans: influence of food supply on re-

production. Oikos 39:23-31.

Bookhout, T. a. 1994. Research management tech-

niques for wildlife and habitat, 5th ed. Allen

Press, Lawrence, Kansas.

Boulinier, T. and E. Danchin. 1996. Population

trends in Kittiwake Rissa tridactyla colonies in

relation to tick infestation. Ibis 138:326-334.

Campbell, T. W. and M. L. Morton. 1984. Avian he-

matology: the basics. Pp. 223—248 in The veterinary

clinics of North America. Vol. 14: small animal prac-

tice. W. B. Saunders, Philadelphia, Pennsylvania.

Chapman, B. R. and J. E. Ceorge. 1991. The effects

of Cliff Swallow parasites on growth and survival.

Pp. 69-92 in Bird and parasite interactions: ecol-

ogy, evolution, and behavior (J. E. Loye and M.
Zuk, Eds.). Oxford Univ. Press, Oxford, United

Kingdom.

Duffy, D. C. 1983. The ecology of tick parasitism on

densely nesting Peruvian seabirds. Ecology 64:

1 10-1 19.

Duffy, D. C. 1988. Ticks among the seabirds. Living

Bird Q. 7:8-13.

Duffy, D. C. and A. Daturi. 1987. Diel rhythms of

tick parasitism on incubating African penguins.

Med. Vet. Entomol. 1:103-106.

Feare, C. j. 1976. Desertion and abnormal develop-

ment in a colony of Sooty Terns Sterna fuscata

infested by virus-infected ticks. Ibis 1 18:1 12-1 15.

Feare, C. J. and E. L. Gill. 1997. The life cycle of

the tick Amblyomma loculosiim in a Sooty Tern

Sterna fuscata colony in the Seychelles. J. Zool.

(Lond.) 241:643-648.

Hlimphery-Smith, I. AND D. E. Moorehouse. 1981.

Host acquisition by Ornithodoros capensis Neu-

mann (Ixodoidea: Argasidae). Ann. Parasitol. 56:

353-357.

Keirans, j. E., j. H. Hutcheson, and H. H. Oliver,

Jr. 1992. Ornithodoros \Alectorohius] capensis

Neumann (Acari: Ixodoidea: Argasidae), a para-

site of seabirds, established along the southeastern

seacoast of the United States. J. Med. Entomol.

29:371-373.

King, K. A., D. R. Blankinship, R. T. Paul, and R.

C. A. Rice. 1977a. Ticks as a factor in the 1975

nesting failure of Texas Brown Pelicans. Wilson

Bull. 89:157-158.

King, K. A., J. O. Keith, C. A. Mitchell, and J. E.

Keirans. 1977b. Ticks as a factor in nest desertion

in California Brown Pelicans. Condor 79:507-508.

Kubena, L. E, J. D. May, F. N. Reece, and J. W.

Deaton. 1972. Hematocrit and hemoglobin of

broilers as influenced by environmental tempera-

ture and dietary iron level. Poult. Sci. 51:759-

763.

McKilligan, N. G. 1996. Field experiments on the

effect of ticks on breeding success and health of

Cattle Egrets. Aust. J. Ecol. 21:442-449.

Moye, R. J., K. W. Washburn, and T. M. Huston.

1969. Effects of environmental temperature on

erythrocyte numbers and size. Poult. Sci. 48:

1683-1686.

Richner, H., a. Oppliger, and P. Christe. 1993. Ef-

fect of an ectoparasite on reproduction in Great

Tits. J. Anim. Ecol. 62:703-710.

SoNENSHiNE, D. E. 1991. Biology of ticks. Vol. I. Ox-

ford Univ. Press, New York.

Terrence, M. H., R. Mulholland, and A. Zale.

1985. Habitat suitability index models: Eastern



78 THE WILSONBULLETIN • Vol. 114, No. 1, March 2002

Brown Pelican. U.S. Fish and Wildl. Serv. Biol.

Rep. 82 (10.90), Washington, D.C.

Wanless, S., T. R. Barton, and M. P. Harris. 1997.

Blood hematocrit measurements of four species of

North Atlantic seabirds in relation to levels of in-

festation by the tick Ixodes iiriae. Colon. Water-

birds 20:540-544.

Wilkinson, P, S. Nesbitt, and J. Parnell. 1994. Re-

cent history and status of the Eastern Brown Pel-

ican. Wildl. Soc. Bull. 22:420-430.

Wolf, S. H., R. W. Schreiber, L. Kahana, and J. J.

Torres. 1985. Seasonal, sexual and age-related

variation in the blood composition of the Brown
Pelican (Pelecanus occidentalis). Comp. Bioch-

em. Physiol. 82A:837-846.

Yunker, C. E., C. M. Clifford, J. E. Keirans, L. A.

Thomas, and R. C. A. Rice. 1979. Aransas Bay
virus, a new arbovirus of the Upolu serogroup

from Oniithodoros capensis (Acari: Argasidae) in

coastal Texas. J. Med. Entomol. 16:453-460.


